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Abstract 
 
Longitudinal homogeneity and REBa2Cu3Ox: RE123 thickness dependence of in-field superconducting properties for 
commercial RE123 coated conductors (C.C.) were measured at varied temperatures.  Self-field Ic homogeneity for 
typical ~500-m long samples were evaluated below 2% measured by continues reel-to-reel measurement. In-field Ic 
distributions were not changed at temperatures from 10K to 77.3K,  being estimated by Ic measurements at separated 
points of a 1 km long sample.   Linear dependences of in-field Ic on RE123 thickness up to 5Pm  were observed at 
temperatures of 20K and 77.3K, in contrast with non-linear dependences observed for self-field Ic for RE123 films. 
The results indicate good longitudinal homogeneity and universal linearity of thickness dependence for in-field Ic  at 
wide temperature range, which suggest simple scaling for in-field Ic of RE123 wires among different temperatures. 
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1. Introduction 
 
RE123 coated conductors (C.C.) are expected to be applicable for various high performance superconducting 
apparatuses in wide range of temperature and magnetic field, due to their high current density and large tensile strain 
strength, derived from artificially textured thin film structure on flat and strong alloy substrate[1]. Fujikura has 
developed reproducible and high-throughput growth technique for such structure using large-area ion-beam-assisted-
deposition (IBAD) and hot-wall type pulsed-laser-deposition (PLD), which enabled us routinely manufacture of 
coated conductors with length over 500 m and Ic over 500 A/cm-width at 77.3 K, self field [2-3].  
Several prototypes for power cables, fault current limiters (FCL), and test coils for rotating machines, high-field 
magnets for nuclear magnetic resonance (NMR) [4], etc. were examined. With overcoming delamination problem of 
fragile oxide films inside magnet coils a 5 T cryocooled magnet with a 20-cm-diameter room temperature bore was 
demonstrated with operation temperature of 25K, using the total length of the RE123 coated conductors of 
approximately 7.2 km [5]. It is very important to know in-field Ic properties of C.C. to design such magnet coil 
apparatuses but usually it  is difficult to check longitudinal distributions of long samples, especially in low temperature 
operation. In this paper longitudinal homogeneity and RE123 thickness dependence of in-field superconducting 
properties for commercial RE123 C.C. were evaluated, which should affect design possibility and reproducibility of 
magnet coils for practical applications.  
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2. Production of Commercial RE123 C.C. and Characterization 
 
RE123 coated conductors are manufactured using the IBAD and PLD methods. Polished Hastelloy C276 tapes (Ra 
= 1-5 nm, 10 mmw, 0.1 mm thick) were used for metal substrates and the configuration of /Ag (2~13 Pm) / RE123 : 
RE=Gd (2.0~5.1 Pm) / CeO2 (400 nm) / MgO (5 nm) / Y2O3 (20 nm) / Al2O3 (150 nm) / Hastelloy / was applied for 
our coated conductors. Ag, Y2O3, Al2O3 layers were deposited by sputtering and MgO layers were formed by IBAD 
with large area linear-type ion source of 1m x 15cm. CeO2, RE123 layers were deposited by PLD, especially designed 
as so-called "hot-wall type" which have quite good thermal stability with furnace like structure[2-3].  
Self-field Ic was measured by a 4-prove method in liquid nitrogen (77.3 K) with the criterion of 1 PV/cm. The reel-
to-reel continuous measurement system with every 4.7 m was used for the long tapes. TapestarTM, which is the 
measurement system that estimates Ic from the magnetization profile by hall sensors, was also used.  In-field Ic was 
measured under the conduction-cooled condition in magnetic fields. We made microbridges with ~400 Pm-width and 
~1 cm-length stripe on each sample by wet etching for Ic measurements at low temperatures. Four-probe transport I-V 
measurements were performed in magnetic fields up to 3 T and temperatures ranging from 77.3 K to 10 K using a 
cryo-cooled cryostat with rotatable sample stage. The electric field criterion for Ic determination was 1 PV/cm. In 
order to derive Ic per cm-width from actually measured microbridge Ic(T,B,T), we multiplied the ratio of Ic(T,B,T) to 
Ic(77.3 K,s.f) of microbridge by Ic(77 K,s.f.;1 cm-width); where T is the sample temperature, B and T  are the 
magnitude and the angle of  magnetic fields respectively[6]. 
 
 
3. Results and discussions 
 
3.1 Longitudinal Ic distributions for typical commercial RE123 C.C. 
 
Table I and figure 1 shows longitudinal  Ic  distributions at 77.3K, self field, for typical 500-m long class RE123 
C.C. samples.  Ic  were measured by reel-to-reel continuous measurement system with every 4.7 m length. Average 
and standard deviation was determined statistically by using each 4.7m long Ic  data. Quite excellent Ic  uniformity was 
obtained below 2 % for each sample.  
 
Table I   Ic distributions measurement for RE123 C.C. 
 
 
 
 
 
 
 
 
   
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Longitudinal Ic distributions of commercial RE123 C.C. samples 
 
 
3.2   Longitudinal in-field Ic distributions for a 1km long RE123C.C.in varied temperatures 
 
   A 1050 m long C.C. was fabricated to examine performance of our RE123 C.C. processing.  The thickness of RE123 
film was 2.4 Pm. Figure 2 shows self-field and in-field Ic measured at seven separated points at temperatures from 
 A B C D E 
 Length (m) 443 465 507 518 509 
Thickness (Pm) 2.4 2.4 2.4 2.3 2.2 
 Average (AVG) Ic (A/cm) 582 589 531 572 549 
 Standard deviation (STDV) of Ic (A/cm) 7.1 7.1 7.5 10.1 6.4 
 Uniformity: Ic (STDV) / Ic (AVG) x 100 (%) 1.2 1.2 1.4 1.9 1.2 
77.3K, self-field 
132   Y. Iijima et al. /  Physics Procedia  58 ( 2014 )  130 – 133 
10K to 77.3K. Table II shows average and uniformity of Ic.at each temperature.  The uniformity did not change in the 
temperature range. It indicated that the RE123 C.C. should not have significant longitudinal distribution of flux 
pinning structures.   
 
Table II   Ic distributions measurement for a 1050m long RE123 C.C. 
 
 
Fig. 2. In-field Ic distributions for a 1050m long RE123 C.C. 
 
 
3.3  RE123 thickness dependence of self-field and  in-field Ic in varied temperatures 
 
Figure 3 shows RE123 film thickness dependence of  Ic at 77.3K and 20 K, for self-field (a), and in-field: 3 T, 
B//c-axis (b), respectively.  In-field Ic shows quite linear trend up to 5 Pm thick, at both 77.3K and 20K. On the 
contrary, non-linear trend was observed for thickness dependence in self-field Ic [2]. The results indicate the scaling 
factor between self-field and in-field  Ic should depend on thickness of RE123 film.  The origin of discrepancy would 
come from some low field effective additional pinning near the interface of RE-123 and buffer layer, for example. 
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Fig. 3. Thickness dependence of Ic for RE123 C.C. 
        
Temperature (K) '77.3 77 65 50 40 30 20 10 
Magnetic field, B//c-axis (T) self-field 3.0 
Average (AVG) Ic (A/cm) 594 38 169 378 538 747 1029 1475 
Standard deviation (STDV) of Ic (A/cm) 30 2.2 7.9 18 26 37 52 82 
Uniformity: Ic (STDV) / Ic (AVG) x 100 (%) 5.1 5.7 4.6 4.9 4.8 5.0 5.1 5.5 
(b) Ic  at 3T  (B//c-axis) (a) Ic  at Self field  
B//c-axis 
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Fig. 4. Ic-T7 dependence of C.C. with varied RE123 thickness. 
 
        Figure 4 shows angular dependence of  Ic  of C.C. at the field of 3T, for varied RE123 thickness up to 5.1Pm, in 
the temperature range from 20K to 77K.  Though there was temperature dependent variation for angular dependent 
curves near B//a,b-axes, and also in  the moderate peak  at B//c-axis, linear thickness dependences were maintained as 
Fig. 3(b) for B//c-axis, because the shape of curves were basically simple compared to C.C. with artificial pinning 
centers[7]. 
 
 
4. Conclusion 
 
Current technical status of commercial RE123 wire produced by IBAD/PLD method was demonstrated by the 
viewpoint of longitudinal homogeneities for self-field and in-field Ic  properties. Self-field Ic homogeneity for typical 
~500-m long samples were evaluated below 2%. In-field Ic distributions were not changed at temperatures from 10K 
to 77.3K.   Linear dependences of in-field Ic on RE123 thickness up to 5Pm  were observed in contrast with clear 
deviations observed for self-field Ic for thick RE123 films. The results indicate good longitudinal homogeneity and 
universal linearity of thickness dependence for in-field Ic  at wide temperature range, which suggest simple and 
universal scaling factor should be determined using only in-field Ic at varied temperatures. 
IBAD/PLD approach was applied improving homogeneity and reproducibility which directly affect production 
yield, cost and also design possibility of practical superconducting apparatuses using C.C. The increase Ic  properties 
by using additional pinning centres, etc. is also quite essential for further cost reduction without spoiling homogeneity. 
. 
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